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1TESTS OF THE PUMPS AND T.YELLS
OF T"E
UN I VERS I TY OF I LI I N 1
S
The object sought in these tests was to determine the
capacities of the individual wells and the efficiencies of their
pumps in order that a comparison might be made between them.
I
DESCRIPTION OF WELLS
The water supply for the University of Illinois is ob-
tained from five wells of the shallow well type, their depth
ranging from 138 feet to 150 feet. The wells are located with no
reference to any particular method for tapping the ground water
flow. Their locations with respect to each other are shown on
Plate 1.
The pumps used on the wells are all of the same make
and size, Luitwieler 5£" x 15", and are driven by 7\ horse power
induction motors. At the present time wells number 3, 4 and 5
are discharged into an open reservoir, and wells number 1 and 2
into steel tanks each holding 41,200 gallons, and located in the
high service pump room. All the wells are connected to the tanks
but only the three mentioned are connected to the reservoir. The
reservoir is used for- fire water storage.
II
METHODS USED IN TESTING
MOTORS. A circle diagram test was made of the motor on

2JYe//S/o. S\n
—
i
Erry/rteer/rry
Lcr froraterf \
Power
jLac /?t*/ o/v or Wells
or TH£
Ua// y£-/e<r/ 7~y or /ll juo /j*
Sca/e - J" = Sa'

3on pump number 4. This motor is a two phase, 60 cycle, 440 volt,
l\ horse power, Westinghouse induction motor. In order to test it,
the motor was transferred from the pump house to the Electrical
Engineering Laboratory. In making a circle diagram test it is nec-
essary to obtain the following data: the magnetizing current in
each phase of the stator winding together with the values of the
voltage and power; the stator current and the power delivered per
phase with the rotor blocked; and the resistance of each phase of
the stator winding.
The magnetizing current in each phase of the stator wind
ing was determined by running the motor at zero load and measuring
the values of the current by rreans of ammeters inserted in series
with each phase. The phase difference, 0,, (see diagram on Plates 2
was calculated from the measured values of the current, voltage
and power, the latter value being measured by means of a wattmeter
The relation between $ and and these values is as follows:
cos = .
E I
Then the line 0D/f represent ing the magnetizing current, can be drawn
and one point on the circular locus of the stator current is de-
termined. Another point on the circle is determined in the same
way from the values of the stator current and the power delivered
per phase with the rotor blocked. This is the point G on the di-
agram. The diameter of the circle is a line passing thru the point
D and running at right angles to 0E. The center of the circle is
the point of intersection of the perpendicular bisector of EC and
the diameter. ,rhe circle can now be drawn thru the points D and G.
On the diagram the ordinate UG represents the total pow-
er intake when the rotor is blocked. This amount of power is con-
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6sumed in the following ways: hysteresis and eddy current losses in
core, represented by HI; and the I* R losses in the stator plus that
in the rotor, represented by 10.
The purpose of this particular tost was to determine the
mechanical efficiency of the machine, therefore it was not necessary
to obtain a separation between the stator and rotor I* R losses.
The efficiency for any current value was found by dividing IIP by
MN. The efficiency curves for each phase were plotted separately,
using current values as abscissas and efficiencies as ordinates.
On Plate 4 is shown the average of these two curves, which is
the efficiency of the machine.
When the purnp and well were tested, voltmeter, ammeter,
and wattmeter readings were taken on the motor. It was very diff-
icult to obtain good readings because of the very marked fluctua-
tions of the instrument needles. The fluctuation of the ammeter
needle was as much as 1.5 amperes. The fact thai there were such
fluctuations is a direct contradiction of the manufacturers' claim
that the T.uitwieler pump gives a pulseless flow. The time when the
instruments showed the highest values seemed to be at the instant
when both pistons were moving up. What actually took place was that
when one piston was completing its stroke there was a drop in the
rate of discharge before the other piston took up the load. This
caused a dropping off of the load on the motor. Then as the second
piston came into action the motor was temporarily overloaded on
account of the water in the drop-pipe being given an acceleration
necessary to bring it up to its full -discharge velocity. The var-
iation in rate of discharge is shown in the form of a curve on
Plate 5.





9BELT SLIPPAGE. In testing pump number 4 it was attempted
to determine the amount of belt slippage. The method was to find
the R.P.M. of the motor and pump pulleys at the same time, and know-
ing their circumferences and consequently their exact speed ratio
any discrepancy found in the R.P.Ms, would be due to slippage of the
belt. However, the inaccessabili ty of the motor made it exceedingly
difficult to obtain an accurate reading of the motor R.P.M. , with
the result that this test showed no slippage.
R.P.M. OF PUMPS. A revolution counter was connected to
the large drive wheel of the pump, which registered every revolution
for the entire time of testing. Two lifting strokes of the purnp,
one by each of the two pistons, are made during one revolution.
When pumping any given quantity of water the exact number of revo-
lutions were noted for that amount.
QUANTITY PUMPED. The quantity of water pumped from wells
3 and 4 was measured by weighing. A 250 gallon tank, mounted on a
platform scale, received the water from a temporary pipe connection
to the pump. This tank permitted the determination of the time re-
quired for a 1500 pound discharge, equivalent to 180 gallons, the
stop-watch being started with the rise of the scale beam, then
scale weights equivalent to 1500 pounds were added and the watch was
stopped when the beam began to rise. From these readings the gal-
lons per minute pumped were computed.
Wells 1 and 2 affored no opportunity for weighing the
water discharged so another method, which was not so accurate, was
employed. The capacity of the tank into which well number 1 was
discharged was figured per unit of depth. By noting the rise of
water in the tank, the discharge into it could be figured and by
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Testing Apparatus on Well 4.
In the upper photograph
is shown the weighing tank as
located at well number 4. In
the lower picture is shown
the pump as seen from the
door- way. The lower gage in
the rear is the pressure gage
on the air pipe. The other
gage is connected to the dis-
charge pipe, and was used to
read the added head pumped
against when the valve above
was throttled down.
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takinn- the time interval for this quantity pumped the number of
gallons per minute was found. To lessen the percentage error in
measuring the rise of water a long time interval of several hours
was taken. The quantity pumped from well number 2 was found in the
same manner.
Since it was impossible to make a temporary pipe connec-
tion to pump number 5, and as it would have been necessary to shut
down tho other pumps in order to determine the quantity discharged
by this pump into one of the steel tanks, this well was necessarily
disregarded.
PUMP DISPLACEMENT. The theoretical pump displacement was
taken from values given in tie catalogue of Luitwieler pumps. This
displacement includes that part due to the overlap of the strokes
of the two pistons.
DISTANCE TC SURFACE OF WATER . To meas-
ure the distance down to the surface
of the water a method shown in figure
1 was employed on well number 4. It
was impossible to use this method on
the other wells on account of not be-
ing able to get the air pipe down be-
tween the drop pipe and casing. The
air pipe of known length is connected
to an air main. A valve and nressure
Fjg.l
D/scharge
to
so
^2 <5
Gage
Valve
~/J/rpipe
Goge fteading.
";a Se a ^*e connected in as shown. To op-
er3te, air is turned on at the valve
until the pressure within the air pipe
becomes high enough to overbalance the
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pressure of the water at the lower end of the pipe, and hence it
escapes at this point. The air pressure within the casing is the
same as atmospheric as the casing is not air-tight. When the air be-
gins to escape the valve is turned off with the result that the air
in the air pipe becomes quiescent and is under a static pressure
equivalent to the height of water above the open end. This static
pressure is read directly on the gage in feet of water, and so by-
subtracting this amount from the distance to the end of the air
pipe, the distance to the surface of the water is obtained.
In the other wells this distance was computed by noting
the time interval between the starting of the pump and when water
first emerged from the pipe outlet. Know-
ing the rate of pumping and the volumetric
content of the drop and discharge pipes
the distance to the water level can be
calculated. Refering to figure 2 the prob-
lem works out as follows:
A^= effective area of drop pipe.
A c 8 " " " well casing.
Then Lh = (Ac - A^y— - X
^
O/Scharge
ftpe
Ftg.Z.
or,
Ad h
y Let q* rate of pumping
and t = time required for water to be
raised h feet.
Then qt = Ad h
or h ^ qt/Aa .
The distance y and the area of the well casing need not be consid-
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ered. Allowance must be made for the volume of water in the dis-
charge pipe. If the valves in the purrp cylinders are new the drop
pipe may not empty itself to the level of the ground water, in
which case this method would be entirely erroneous. However, the
distance to the water level in pump number 4 as figured by this meth-
od checked within two percent the distance obtained by measuring
with the air pipe. Hence this method can be used to advantage on
old pumps.
OVERLAP. In the test on pump number 4, it was desired to
determine the amount by which the lifting action of one piston over-
lapsthat of the other. In order to get at this the corresponding
positions for the two pistons were found for a number of different
angular displacements of the pump wheel. These distances are plotted
in graph form on Plate 6. The rate of piston travel, which is di-
rectly proportional to rate of discharge, as plotted against time
is shown graphically on Plate 7.
TOTAL LIFT. The total lift is figured from the surface
of the water to the point of discharge. To this is also added the
fricticnal resistance offered by the pipe and by the bends and valves
above the ground. The overall efficiency is the ratio of the power
required to pump against the total lift to the power input of the
motor.
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III
RESULTS OBTAINED
The results obtained are shown on the following data
sheets, ""he manufacturers of this pump rate it as discharging 131
gallons per minute, this figure being based on the theoretical dis-
placen^ent of the pistons with a speed of the drive wheel of 40 R.P.M
At the average speed of 30.3 R.P.M. maintained during the test on
well 4, this would give a displacement of 99.3 gallons per minute.
The actual rate of pumping at this speed was 71.1 gallons per min-
ute giving a volumetric efficiency of 71.7 percent.
TABLE SHOWING RELATIONS OF FOUR PUMPS
Well No. R.P.M. Discharge Displacement Efficiency
(average) g.p.m. g.p.m. (volumetric)
%
1 27.5 59.89 90.0 66.6
2 32.4 69.2 106.0. 65.3
3 27.48 80.84 90.01 89.8
4 30.3 71.1 99.3 71.7
In well number 4 the water level in the casing was found
to lower 23 feet after the pump had been working 15 minutes. The
variation in the water level over this period was noted at half-
minute intervals. The same variation for the rise of water when the
pump was stopped was also noted and these variations are shown in
graph form on Plate 8. It was found that the lower level is main-
tained while the pump is in operation.
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PUMP NO. 1.
TEST TO DETERMINE DISCHARGE
DATE OF TEST- May 12, 1914.
Rof. Time Rise \ (-1 r~i l-> o in rr £±jji sendrge
1 ii in in
No. Initial Final Diff. Tank gai i ons g. p. m
.
ill X I i • ft
1 9: 11: 20 9:13: 08 1.80
2 9:13:08 9:30 16.87 0.400 940.0 55.8
3 9:30 10:00 30.0 .7859 1845.0 61.5
4 10:00 10:30 30.0 .7870 1849.0 61.6
5 10:30 11:00 30.0 .7844 1843.0 61.4
6 11:00 11:30 30.0 .7848 1844.0 61.5
7 11:30 12:34 64.0 1.6974 3920.0 61.3
6 7 6 S 1589.0 61.1
9 1:00 1:30 30.0 .7574 1779.0 59.3
10 1:30 2:00 30.0 .7270 1708.0 56.9
11 2:00 2:30 30.0 .7469 Do . O
Total 5 hours 16 rain. 52 sees . 8.1473 19071.0 598.9
Average
Before test was started the well had a rest of two hours.
Inside diameter of tank
*
20.0 ft.
Average R.P.M. of pump during test 27. 5
Average displacement of purnp in gallons per min. 90.3
Time necessary to raise water to top of tank 1.8 min.
(from ground water level)
Number of revolutions during this time 52.0
Calculated distance to ground water level 71.0 ft.
Total head pumped agoinst 109.5. Horse power output 1.66.

Ref
.
No.
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PUMP NO. 2.
TEST TO DETERMINE DISCHARGE
DATE OP TEST- May 21, 1914.
Initial Final Diff.
min.
Rise
in
Tank
ft.
Discharge
in
gallons
Discharge
in
g.p.m.
] 8 :49:25 9 :00 10. 58 0. 2433 572.0 54.2
2 9 :00 10 15 75. 2. 2508 5280.0 70.4
3 10 :15 11 :15 60. 1. 7684 4150.0 69.16
4 11 :15 11 •45 30. • 9083 2153.0 71.80
Total 2 hours 55 min. 35 sees. 5.1708 12155.0
Average 69.2
Inside diameter of tank 20. o feet.
Average R.P.M. of pump during test 32.4
Average displacement of pump in gallons per min. 106.0
This pump is a new type gear driven Luitwieler and was in-
stalled in April. On account of its newness the valves keep the wa-
ter from flowing back out of the drop pipe when the pump is stopped,
so it was impossible t o measure the depth of this well.
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PUMP NO. 3.
TEST TO DETERMINE DISCHARGE
DATE OF TEST- May 14, 1914.
Ref. No.
1
2
3
4
5
Time
Duration
of Read-
ings .
min.
2.22
2.33
2.23
2.22
2.23
Actual Displacement R.P.M
Discharge
81.2
80.6
80.6
81.2
80.6
g. p.m.
90.4
89.75
89.75
90.4
89.75
27.6
27.4
27.4
27.6
27.4
Total
Ave rage
11. 13
2.226
404. 2
80.84
450.05
90.01
137.4
27.48
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IV
CONCLUSIONS
Under the loads put on the motors they hod a fairly good
efficiency, but there is a question whether it is economical to run
a motor rated at 7.5 horse power on a load which requires only a-
bout one-third of that power. In running pump number 4 with the
valve partially shut the motor maintained its original speed, altho
working against a much higher head.
The pumps all seemed to be in good condition, the only
trouble being that the older pumps leak to a slight extent at the
piston-rod stuffing box. On account of the sand in the water the
piston-rod is worn down over this stroke area, the reduction in di-
ameter becoming greater towards the center. The packing soon be-
comes fitted to the larger diameter and thus fails to pack the rod
during the middle part of its stroke.
The fact that the pump discharged less than the theoret-
ical displacement was due to overlap, leakage thru valves, leakage
past pistons and leakage at the stuffing box.
A compariscn of the ground water level at wells number 1
and 4 shows that this is not the same for the two wells. A line of
levels was run from a U.S.O.S bench mark on the pump bases, and,
knowing the distance to the water surface in well 4 and assuming
our calculations correct for this distance in well number l,it was
found that the elevation of the ground water at well number 1 above
sea level was 647.99 and the same for well 4 was 034.74 feet, the
water level at well 4 being 13.25 feet lower than at well number 1.
As far as is known the ground water in this vicinity has no definite
direction of flow, hence this difference in levels must be due to
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certain unknown ground water conditions, such as fissures or diff-
erences in the character of the glacial drift.
The values for well number 4 of the elevation of the
water level and the quantity of water pumped in the years 190G and
1914 are given in the following table. Elevations are above sea
level
.
1 1906 1914 Diff
.
Elevation of water in well after rest 653.84 635.24 18.6
Elevation of water in well after pumping 638.74 612. 24 26.5
Distance water level was lowered 15.10 23.00 7.9
Quantity of water pumped gal . per min. 107.7 71.1 36.6
The water level in well number 4 is thus seen to be
lowering. Data concerning the water level in well number 1 during
1906 can not be found hence the comparison is not complete. In
that year an air-lift pump was used on well 1, the quantity of water
discharged being 24 g.p.m. as against 59.9 g.p.m. in 1914 with the
Luitwieler Pump.



